


[image: Description: OSPI logo for white bground]   [image: ] [image: Next Generation Science]

Statewide Framework Document for: Introduction to STEM+CS Robotics

 Standards may be added to this document prior to submission, but may not be removed from the framework to meet state credit equivalency requirements. Performance assessments may be developed at the local level. In order to earn state approval, performance assessments must be submitted within this framework. This course is eligible for 1 credit of lab science. The Washington State Science Standards performance expectations for high school blend core ideas (Disciplinary Core Ideas, or DCIs) with scientific and engineering practices (SEPs) and crosscutting concepts (CCCs) to support students in developing usable knowledge that can be applied across the science disciplines. These courses are to be taught in a three-dimensional manner. The details about each performance expectation can be found at Next Generation Science Standards, and the supporting evidence statements can be found under Resources.

	[bookmark: gjdgxs]Course Title: Introduction to STEM+CS Robotics 

	Course Title:     Introduction to STEM+CS Robotics
	Total Framework Hours:180

	CIP Code: 150406
	X Exploratory   ☐Preparatory
	Date Last Modified: April 11 2018

	Career Cluster: STEM
	Cluster Pathway: Engineering and Technology

	Eligible for Equivalent Credit in: ☐ Math   ☒ Science
	Total Number of Units: 9

	Course Overview

	Summary: 

Course Structure

This Introduction to STEM+CS Robotics course is set up as a one-year Exploratory framework (180 hours) based on the LEGO MINDSTORMS EV3. This structure allows one to offer an Intro Robotics, Robo-Math, Robo-Science, Robo-CS, etc. credit course based on the needs of the students and school.  This framework reflects the Robo-Sci version, offering a Lab Science Course Equivalency for STEM+CS Robotics 101.

For the CTE Leadership component, one chooses to align this course with an advanced robotics competition (e.g. FTC - FIRST Tech Challenge), or students may volunteer to help run a LEGO-based robotics competition (e.g. FLL - FIRST LEGO League) and/or develop STEM+CS community outreach programs.  The 21st Century Skills alignment presented at the end of this framework assumes participation in robotics competition and community outreach, and the accompanying CTE Leadership Equivalency documents provides a more detailed alignment to FLL or FTC.

Course Resources

This Introduction to STEM+CS Robotics Framework is aligned with curriculum resources primarily developed by the Olympia School District. The curricular content and teacher collaboration resources are being hosted by Portland State University's Computer Science STEM Robotics site with the LEGO-based resources hosted here and the JAVA4Robots resources hosted here (note: the Java4Robots content is an optional CS resource).

This curriculum alignment uses the following abbreviations:

> Robo101: STEM Robotics 101 EV3 curriculum hosted at Portland State University
> FC: FIRST Class (FIRST Tech Challenge in the Classroom) developed by FIRST and hosted in Schoology (use this link to join)

> Optional: STEM Robotics 102 Software (Java for Robots) curriculum hosted at Portland State University (Optional Java curriculum)

Curriculum Alignment 

Unit 1 utilizes resources from FIRST Class Safety and Community Engagement 
Units 2 through 9 are aligned with the STEM Robotics 101 EVs curriculum as shown below.

	Unit Number & Name
	Hours
	Curriculum Resources

	UNIT 1: Safety, Community Outreach & Career Awareness
	10
	FC U1 & 8

	UNIT 2: Robotics Introduction (LEGO MINDSTORMS)
	10
	Robo101 EV3 U1

	UNIT 3: Circuits & Computers: Hardware, Software, Firmware
	15
	Robo101 EV3 U2, U3 & U6L1

	UNIT 4: Get Moving 
	20
	Robo101 EV3 U4

	UNIT 5: Taking Turns 
	20
	Robo101 EV3 U5

	UNIT 6: Touch, See, Repeat 
	20
	Robo101 EV3 U6

	UNIT 7: Decisions, Decisions
	20
	Robo101 EV3 U7

	UNIT 8: Wired for Data
	20
	Robo101 EV3 U8

	UNIT 9: Advanced Sensor Use (Data Logging/Analysis)
	45
	Robo101 EV3 U10

	
	180
	


 
	Professional Development

	
FIRST Washington, in partnerships with all 9 Educational Service Districts (ESDs), offers STEM+CS Robotics 101 Introductory and Advanced Topics Professional Development around the state.  Details on the current workshop offerings are available at the bottom of the FIRST Washington homepage.









	Unit 1: Safety, Community Engagement & STEM+CS Career Awareness 
	Total Learning Hours for Unit: 10 hours and continuous instruction and demonstration throughout course

	Unit Summary: 
This unit will introduce STEM/CS careers opportunities, safety protocols for lab and competition environments, and engage students in community outreach for STEM/CS education

	
Performance Assessments: 
Performance assessments on the following topics may be developed at the local level. In order to earn approval at the state level, performance assessments must be submitted within this framework. 

It is expected that students will:
1. demonstrate knowledge and skills of Robotics lab safety  
2. develop and execute a plan for community engagement for STEM+CS awareness/outreach, content experts and/or program support
3. present a plan to pursue a self-selected STEM+CS career pathway


	Leadership Alignment:
>> Develop Safety Plan for a Robotics Competition
2.A Reason Effectively (1)
2.C Make Judgments and Decisions (4,5)
3.A Communicate Clearly (1,3, 5)
4.A Access and Evaluate Information (1,2)
4.B Use and Manage Information (1)
8.A Manage Goals and Time (1,2)
8.B Work Independently (1)
8.C Be Self-directed Learners (2,3,4)
9.A Interact Effectively with Others (1,2)
11.B Be Responsible to Others (1)


	Industry Standards and Competencies

	This section should include appropriate industry standards and competencies aligned to the course, as is a required section: 

Safety, Community Engagement & STEM/CS Career Awareness

Competencies:
· Identify health and safety risks in a Robotics lab and at Robotics competitions
· Explain health and safety procedures which address risks in a Robotics lab and at Robotics competitions
· Identify and pursue local opportunities for STEM+CS awareness/outreach, content experts and/or program support
· Describe the breadth of possible STEM+CS careers
· Identify and explore a STEM+CS career related to an area of student interest
· Explain the education pathway to a given STEM+CS career


	Aligned Washington State Standards

	Washington Science Standards (Next Generation Science Standards):

	Science and Engineering Practice
	Disciplinary Core Idea
	Crosscutting Concept

	Obtain, Evaluate, and Communicate Information
	
	Cause and Effect

	
	
	Influence of Engineering, Technology, and Science on Society and the Natural World

	
	
	Science is a human endeavor
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	Washington English Language Arts Standards (Common Core State Standards):

	9-10SL2: Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each source.
9-10SL 4: Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task.
9-10WHST6: Use technology, including the Internet, to produce, publish, and update individual or shared writing products, taking advantage of technology’s capacity to link to other information and to display information flexibly and dynamically.

Washington Math Standards (Common Core State Standards):




Washington Computer Science Standards:

3A-I-7-25: Describe how computation shares features with art and music by translating human intention into an artifact.
3A-I-1-27: Demonstrate how computing enables new forms of experience, expression, communication, and collaborating.







	Unit 2: Introduction to Robotics
	Total Learning Hours for Unit: 10 hours 

	Unit Summary: 
This unit will introduce Robotics in general and then apply these concepts to the EV3 kit with an emphasis on structural building.

	
Performance Assessments: 
Performance assessments on the following topics may be developed at the local level. In order to earn approval at the state level, performance assessments must be submitted within this framework. (e.g. The Faraday Golfing Machine from STEM Robotics 101 Unit 1, Lesson 6)

It is expected that students will:
1. create a research report on real and fictional robots.  
2. demonstrate key attributes of EV3 components. 
3. build an EV3 machine which demonstrates Faraday’s Principle


	Leadership Alignment:
>> Design and Build an EV3 Machine to demonstrate Faraday’s Principle
1.A Think Creatively (1,2,3)
1.B Work Creatively with Others (1,2,3,4)
2.A Reason Effectively (1)
2.B Use Systems Thinking (1)
2.C Make Judgments and Decisions (1,2,3,4,5)
2.D Solve Problems (1,2)
3.B Collaborate with Others (1,2,3)
4.B Use and Manage Information (1)
6.A Apply Technology Effectively (1,2,3)	
8.A Manage Goals and Time (1,2,3)
9.A Interact Effectively with Others (1,2)
10.B Produce Results (1a-1h)
 

	Industry Standards and Competencies

	This section should include appropriate industry standards and competencies aligned to the course, as is a required section: 

Introduction to Robotics and Faraday’s Principle

Competencies:
· Identify characteristics of a robot 
· Create a research report on important/iconic robotics, both real and fictional
· Describe how the functions and characteristics of a robot can been seen in the EV3 system
· Explain the sense and response systems of the EV3 system 
· Document/describe key attributes of the EV3 electronic, mechanical and structural components
· Explain the function of a two-gear gear train through the bicycle analogy
· Construct an EV3 Machine based on Faraday's Principle. 


	Aligned Washington State Standards

	Washington Science Standards (Next Generation Science Standards):

	Science and Engineering Practice
	Disciplinary Core Idea
	Crosscutting Concept

	Ask questions and define problems
	PS2A: Forces and Motion
	Cause and Effect

	Construct explanations and design solutions
	PS3B: Conservation of Energy and Energy Transfer
	Energy and Matter

	Develop and Use Models
	PS3C: Relationship Between Energy and Forces
	Structure and Function

	
	ETS1A: Defining and Delimiting and Engineering Problem
	Stability and change

	
	ETS1B: Developing Possible Solutions
	



HS-PS2-5. Plan and conduct an investigation to provide evidence that an electric current can produce a magnetic field and that a changing magnetic field can produce an electric current.
HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields to illustrate the forces between objects and the changes in energy of the objects due to the interaction.
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.


	Washington English Language Arts Standards (Common Core State Standards):

	9-10SL 4: Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task.
9-12WHST4: Produce clear and coherent writing in which the development, organization, and style are appropriate to task, purpose, and audience.
9-10WHST6: Use technology, including the Internet, to produce, publish, and update individual or shared writing products, taking advantage of technology’s capacity to link to other information and to display information flexibly and dynamically.

Washington Math Standards (Common Core State Standards):

N-Q2: Define appropriate quantities for the purpose of descriptive modeling.



Washington Computer Science Standards:






	Unit 3: Circuits & Computers: Hardware, Software, Firmware
	Total Learning Hours for Unit: 15 hours 

	Unit Summary: 
This unit will delve into the technology underlying robots by exploring computers, circuits and hardware/software/firmware interaction through both direct instruction and creating human models of these technologies.  The EV3 robot is then examined through this lens and a robot is built and programmed.

	
Performance Assessments: 
Performance assessments on the following topics may be developed at the local level. In order to earn approval at the state level, performance assessments must be submitted within this framework. (e.g. The Human Microprocessor Lab from STEM Robotics 101 Unit 3, Lesson 1; Human Computer Lab Unit 6, Lesson 1; EV3 Sensor Lab Unit 2, Lesson4; On-Brick Programming Lab Unit 3, Lesson 4)

It is expected that students will:
1. describe key concepts of computers, circuits, microprocessors and hardware/software/firmware interaction
2. create human models of computers and microprocessors and analyze their performance
3. define Moore’s Law and provide describe examples
4. build/analyze EV3 circuits and explain sensor functionality
5. build a robot and write simple software to control it using a firmware application


	Leadership Alignment:
>> Build and analyze EV3 circuits; build EV3 robot and program with the on-brick coding capability of the firmware
2.A Reason Effectively (1)
2.B Use Systems Thinking (1)
2.D Solve Problems (1,2)
3.B Collaborate with Others (1,2,3)
4.A Access and Evaluate Information (1,2)
4.B Use and Manage Information (1)
6.A Apply Technology Effectively (1,2,3)
7.A Adapt to Change (1,2)	
9.A Interact Effectively with Others (1,2)
9.B Work Effectively in Diverse Teams (1,2,3)
10.B Produce Results (1a-1h)


	Industry Standards and Competencies

	This section should include appropriate industry standards and competencies aligned to the course, as is a required section: 

Computers, Circuits and Hardware/Software/Firmware Interaction; Building and Programming EV3 robots (without computer); Explore EV3 programming software and Programming Tutorials

Competencies:
· Explain the four parts of a circuit and give examples of each 
· Differentiate between insulators, conductors and semiconductors
· Describe how the EV3 acts as a circuit 
· Build EV3 test circuits to demonstrate the capabilities of the various sensors
· Define and explain Moore's Law
· Describe the four parts of a computer
· Describe how the EV3 acts as a computer 
· Explain how a microprocessor's hardware and software work together
· Use the EV3 hardware to build a robot from pictorial instructions 
· Write on-board programs for the EV3 using firmware capability
· Manipulate the Video Trainer software
· Manipulate the EV3-G programing environment


	Aligned Washington State Standards

	Washington Science Standards (Next Generation Science Standards):

	Science and Engineering Practice
	Disciplinary Core Idea
	Crosscutting Concept

	Use Mathematics and Computational Thinking
	PS4A: Wave Properties
	Structure and Function

	Obtain, Evaluate, and Communicate Information 
	PS4C: Information Technologies and Instrumentation
	Scale, proportion and quantity

	Develop and Use Models
	ETS1B: Developing Possible Solutions
	Systems and system models

	Plan and carry out investigations
	
	Influence of Engineering, Technology, and Science on Society and the Natural World.

	
	
	Stability and change



HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy
HS-PS4-2. Evaluate questions about the advantages of using a digital transmission and storage of information.
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.



	Washington English Language Arts Standards (Common Core State Standards):

	9-10SL2: Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each source.
9-10SL 4: Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task.
9-10RI7: Analyze various accounts of a subject told in different mediums (e.g., a person’s life story in both print and multimedia), determining which details are emphasized in each account.
9-10RST3: Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or exceptions defined in the text.
9-10WHST6: Use technology, including the Internet, to produce, publish, and update individual or shared writing products, taking advantage of technology’s capacity to link to other information and to display information flexibly and dynamically.

Washington Math Standards (Common Core State Standards):



N-Q1: Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.
N-Q2: Define appropriate quantities for the purpose of descriptive modeling.
F-LE3: Observe using graphs and tables that a quantity increasing exponentially eventually exceeds a quantity increasing linearly,
quadratically, or (more generally) as a polynomial function.
F-LE5: Interpret the parameters in a linear or exponential function in terms of a context

Washington Computer Science Standards:

3A-A-2-1: Design and develop a software artifact working in a team.
3A-A-4-7: Understand the notion of hierarchy and abstraction in high-level languages, translation, instruction sets, and logic circuits.
3A-A-5-4: Design, develop, and implement a computing artifact that responds to an event (e.g., robot that responds to a sensor, mobile app that responds to a text message, sprite that responds to a broadcast).
3A-C-5-14: Create, extend, or modify existing programs to add new features and behaviors using different forms of inputs and outputs (e.g., inputs such as sensors, mouse clicks, data sets; outputs such as text, graphics, sounds).
3A-C-4-16: Describe the steps necessary for a computer to execute high compilation to machine language, interpretation, fetch-decode-execute 
3A-D-4-18: Convert between binary, decimal, and hexadecimal representations of data (e.g., convert hexadecimal color codes to decimal percentages, ASCII/Unicode representation).
3B-A-7-3: Modify an existing program to add additional functionality and discuss intended and unintended implications (e.g., breaking other functionality).
3B-C-7-23: Identify the functionality of various categories of hardware components and communication between them (e.g., physical layers, logic gates, chips, input and output devices).






	Unit 4: Get Moving (programming precision forward movement while using color sensor and gearing)
	Total Learning Hours for Unit: 20 hours 

	Unit Summary: 
This unit will introduce the Engineering Process and develop the skills to design a robot which moves straight, responds to the color sensor and trades off speed versus torque with gears.

	
Performance Assessments: 
Performance assessments on the following topics may be developed at the local level. In order to earn approval at the state level, performance assessments must be submitted within this framework. (e.g. The Color-activated Dragster Challenge from STEM Robotics 101 Unit 4, Lesson 7)

It is expected that students will:
1. manipulate the straight movement of a robot through programming parameters
2. explain the physical science of color sensor’s operation 
3. program a robot to respond to the color sensor
4. calculate gears ratios and design a robot to trade off speed vs torque
5. use the Engineering Process to design/build/program a color activated robot which uses gears to trade off speed vs torque


	Leadership Alignment:
>> Design, build and program a geared-up or geared-down EV3 color-activated robot
1.A Think Creatively (1,2,3)
1.B Work Creatively with Others (1,2,3,4)
1.C Implement Innovations (1)
2.A Reason Effectively (1)
2.B Use Systems Thinking (1)
2.C Make Judgments and Decisions (1,2,3,4,5)
2.D Solve Problems (1,2)
3.A Communicate Clearly (1,2,3)
3.B Collaborate with Others (1,2,3)
4.A Access and Evaluate Information (1,2)
4.B Use and Manage Information (1)
6.A Apply Technology Effectively (1,2,3)
7.A Adapt to Change (1,2)
7.B Be Flexible (1,2,3)	
8.A Manage Goals and Time (1,2,3)
8.B Work Independently (1)
8.C Be Self-directed Learners (1,4)
9.A Interact Effectively with Others (1,2)
9.B Work Effectively in Diverse Teams (1,2,3)
10.B Produce Results (1a-1h)
11.B Be Responsible to Others (1)

	Industry Standards and Competencies

	This section should include appropriate industry standards and competencies aligned to the course, as is a required section: 

Programming precision forward movement while using color sensor and gearing 

Competencies:
· Calculate program parameters based on the circumference of a circle 
· Program a robot for precision forward and reverse motion
· Measure, plot and interpolate travel time vs power level data 
· Calculate, plot and interpolate speed vs power level data
· Explain each parameter of the Wait for Color Block
· Calculate a color sensor threshold for responding to light intensity
· Program a robot to respond to the color sensor
· Explain gearing up and down in relation to speed and torque
· Calculate gear ratios
· Describe the difference between Science and Engineering
· Build a robot using the Engineering Process which incorporates precision forward motion, gear ratios, and the color sensor


	Aligned Washington State Standards

	Washington Science Standards (Next Generation Science Standards):

	Science and Engineering Practice
	Disciplinary Core Idea
	Crosscutting Concept

	Use Mathematics and Computational Thinking
	PS2A: Forces and Motion
	Structure and Function

	Obtain, Evaluate, and Communicate Information 
	PS3B: Conservation of Energy and Energy Transfer
	Scale, proportion and quantity

	Develop and Use Models
	PS4A: Wave Properties
	Systems and system models

	Ask questions and define problems
	ETS1A: Defining and Delimiting and Engineering Problem
	Energy and Matter

	Plan and carry out investigations
	ETS1B: Developing Possible Solutions
	Cause and Effect

	Construct explanations and design solutions
	ETS1C: Optimizing the Design Solution
	Interdependence of science, engineering and technology

	
	
	Stability and change



HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields to illustrate the forces between objects and the changes in energy of the objects due to the interaction
HS-PS4-5. Communicate technical information about how some technological devices use the principles of wave behavior and wave interactions with matter to transmit and capture information and energy.
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.


	Washington English Language Arts Standards (Common Core State Standards):

	9-10SL1: Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 9–10 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively.
9-10SL2: Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each source.
9-10SL 4: Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task.
9-10RST4: Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9–10 texts and topics.
9-10WHST6: Use technology, including the Internet, to produce, publish, and update individual or shared writing products, taking advantage of technology’s capacity to link to other information and to display information flexibly and dynamically.

Washington Math Standards (Common Core State Standards):



N-Q3: Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
N-Q2: Define appropriate quantities for the purpose of descriptive modeling.
A-CED1: Create equations and inequalities in one variable and use them to solve problems. 
F-BF1: Write a function that describes a relationship between two quantities.
S-ID1: Represent data with plots on the real number line (dot plots, histograms, and box plots).
S-IC2: Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation. 

Washington Computer Science Standards:

3A-A-2-1: Design and develop a software artifact working in a team.
3A-A-5-4: Design, develop, and implement a computing artifact that responds to an event (e.g., robot that responds to a sensor, mobile app that responds to a text message, sprite that responds to a broadcast).
3A-C-5-14: Create, extend, or modify existing programs to add new features and behaviors using different forms of inputs and outputs (e.g., inputs such as sensors, mouse clicks, data sets; outputs such as text, graphics, sounds).





	Unit 5: Taking Turns (programming precision turns and using gyro sensor and manipulators)
	Total Learning Hours for Unit: 20 hours 

	Unit Summary: 
This unit will explore making precision maneuvers using the gyro sensor and then use the Engineering Process to design a robot that requires precision movement and use of a mission-specific manipulator.

	
Performance Assessments: 
Performance assessments on the following topics may be developed at the local level. In order to earn approval at the state level, performance assessments must be submitted within this framework. (e.g. The Robo-Tagger Challenge from STEM Robotics 101 Unit 5, Lesson 6)

It is expected that students will:
1. manipulate the turning movement of a robot through programming parameters
2. explain the physical science of gyro sensor’s operation 
3. program a robot to respond to the gyro sensor
4. use software planning tools and incremental design to breakdown a large programming task into manageable sub-tasks
5. use the Engineering Process to design/build/program a gyro-controlled robot with an articulated manipulator


	Leadership Alignment:
>> Design, build and program a gyro-controlled robot with an articulated manipulator
1.A Think Creatively (1,2,3)
1.B Work Creatively with Others (1,2,3,4)
1.C Implement Innovations (1)
2.A Reason Effectively (1)
2.B Use Systems Thinking (1)
2.C Make Judgments and Decisions (1,2,3,4,5)
2.D Solve Problems (1,2)
3.A Communicate Clearly (1,2,3)
3.B Collaborate with Others (1,2,3)
4.A Access and Evaluate Information (1,2)
4.B Use and Manage Information (1)
6.A Apply Technology Effectively (1,2,3)
7.A Adapt to Change (1,2)
7.B Be Flexible (1,2,3)	
8.A Manage Goals and Time (1,2,3)
8.B Work Independently (1)
8.C Be Self-directed Learners (1,4)
9.A Interact Effectively with Others (1,2)
9.B Work Effectively in Diverse Teams (1,2,3)
10.B Produce Results (1a-1h)
11.B Be Responsible to Others (1)

	Industry Standards and Competencies

	This section should include appropriate industry standards and competencies aligned to the course, as is a required section: 

Programming precision turns and using the gyro sensor and articulated manipulators 

Competencies:
· Explain how each parameter of the movement blocks can be configured to control a robot’s turning response
· Write a program for a robot to maneuver with various precision turns
· Explain each parameter of the Wait for Gyro Block
· Write a program for a robot to combine turning and sensor response
· Create a flowchart or pseudocode to represent a multi-step programming activity
· Develop a robot program from a flow chart
· Explain each parameter of the Large and Medium Motor Blocks
· Write a program using the Large/Medium l Motor Block to control an articulated manipulator though a third motor on a robot
· Design, build and program a gyro-controlled robot with an articulated manipulator


	Aligned Washington State Standards

	Washington Science Standards (Next Generation Science Standards):

	Science and Engineering Practice
	Disciplinary Core Idea
	Crosscutting Concept

	Use Mathematics and Computational Thinking
	PS2A: Forces and Motion
	Structure and Function

	Obtain, Evaluate, and Communicate Information 
	PS3C: Relationship Between Energy and Forces
	Scale, proportion and quantity

	Develop and Use Models
	ETS1A: Defining and Delimiting and Engineering Problem
	Systems and system models

	Ask questions and define problems
	ETS1B: Developing Possible Solutions
	Energy and Matter

	Plan and carry out investigations
	ETS1C: Optimizing the Design Solution
	Cause and Effect

	Construct explanations and design solutions
	
	Interdependence of science, engineering and technology

	
	
	Stability and change



HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields to illustrate the forces between objects and the changes in energy of the objects due to the interaction
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.


	Washington English Language Arts Standards (Common Core State Standards):

	9-10SL1: Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 9–10 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively.
9-10SL2: Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each source.
9-10SL 4: Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task.
9-10RST4: Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9–10 texts and topics.
9-10WHST6: Use technology, including the Internet, to produce, publish, and update individual or shared writing products, taking advantage of technology’s capacity to link to other information and to display information flexibly and dynamically.

Washington Math Standards (Common Core State Standards):



N-Q3: Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
N-Q2: Define appropriate quantities for the purpose of descriptive modeling.
A-CED1: Create equations and inequalities in one variable and use them to solve problems. 
G-MG1: Use geometric shapes, their measures, and their properties to describe objects (e.g., modeling a tree trunk or a human torso as a cylinder).
S-IC2: Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation. 

Washington Computer Science Standards:

3A-A-2-1: Design and develop a software artifact working in a team.
3A-A-5-4: Design, develop, and implement a computing artifact that responds to an event (e.g., robot that responds to a sensor, mobile app that responds to a text message, sprite that responds to a broadcast).
3A-A-5-6: Integrate grade-level appropriate mathematical techniques, concepts, and processes in these, concepts, and processes in the creation of computing artifacts.
3A-A-6-12: Use a systematic approach and debugging tools to independently debug a program (e.g., setting breakpoints, inspecting variables with a debugger).
3A-C-4-15: Demonstrate the role and interaction of a computer embedded within a physical system, such as a consumer electronic, biological system, or vehicle, by creating a diagram, model, simulation, or prototype.
3A-C-5-14: Create, extend, or modify existing programs to add new features and behaviors using different forms of inputs and outputs (e.g., inputs such as sensors, mouse clicks, data sets; outputs such as text, graphics, sounds).
3B-A-7-3: Modify an existing program to add additional functionality and discuss intended and unintended implications (e.g., breaking other functionality).





	Unit 6: See, Touch, Repeat (using ultrasonic sensor, touch sensor and programming with loops)
	Total Learning Hours for Unit: 20 hours 

	Unit Summary: 
This unit will explore controlling robots with loops and the touch and ultrasonic sensors, and then use the Engineering Process to design a robot utilizing multiple sensors with repetitious behavior

	
Performance Assessments: 
Performance assessments on the following topics may be developed at the local level. In order to earn approval at the state level, performance assessments must be submitted within this framework. (e.g. The Robo-Zoo Challenge from STEM Robotics 101 Unit 6, Lesson 7)

It is expected that students will:
1. explain the physical science of touch sensor’s operation 
2. explain the physical science of ultrasonic sensor’s operation 
3. program a proximity-sensing robot to respond to the touch and ultrasonic sensor
4. use the Engineering Process to design/build/program a multi-sensing robot with repetitious behavior


	Leadership Alignment:
>> Design, build and program a multi-sensing robot with repetitious behavior
1.A Think Creatively (1,2,3)
1.B Work Creatively with Others (1,2,3,4)
1.C Implement Innovations (1)
2.A Reason Effectively (1)
2.B Use Systems Thinking (1)
2.C Make Judgments and Decisions (1,2,3,4,5)
2.D Solve Problems (1,2)
3.A Communicate Clearly (1,2,3)
3.B Collaborate with Others (1,2,3)
4.A Access and Evaluate Information (1,2)
4.B Use and Manage Information (1)
6.A Apply Technology Effectively (1,2,3)
7.A Adapt to Change (1,2)
7.B Be Flexible (1,2,3)	
8.A Manage Goals and Time (1,2,3)
8.B Work Independently (1)
8.C Be Self-directed Learners (1,4)
9.A Interact Effectively with Others (1,2)
9.B Work Effectively in Diverse Teams (1,2,3)
10.B Produce Results (1a-1h)
11.B Be Responsible to Others (1)

	Industry Standards and Competencies

	This section should include appropriate industry standards and competencies aligned to the course, as is a required section: 

Designing and building robots to use all four sensors and create programs with repeating behaviors 
Competencies:
· Explain each parameter of the Wait for Touch Block
· Program a robot to respond to the touch sensor 
· Explain each parameter of the Wait for Ultrasonic Block
· Program a robot to respond to the ultrasonic sensor
· Explain each parameter of Loop Block
· Program a robot for repeating behavior controlled by timers, counters and sensors
· Design, build and program a robot which uses multiple sensing capabilities to control repetitious behavior

	Aligned Washington State Standards

	Washington Science Standards (Next Generation Science Standards):

	Science and Engineering Practice
	Disciplinary Core Idea
	Crosscutting Concept

	Use Mathematics and Computational Thinking
	PS2A: Forces and Motion
	Structure and Function

	Obtain, Evaluate, and Communicate Information 
	PS3C: Relationship Between Energy and Forces
	Scale, proportion and quantity

	Develop and Use Models
	PS4A: Wave Properties
	Systems and system models

	Ask questions and define problems
	ETS1A: Defining and Delimiting and Engineering Problem
	Energy and Matter

	Plan and carry out investigations
	ETS1B: Developing Possible Solutions
	Cause and Effect

	Construct explanations and design solutions
	ETS1C: Optimizing the Design Solution
	Interdependence of science, engineering and technology

	
	
	Stability and change



HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields to illustrate the forces between objects and the changes in energy of the objects due to the interaction
HS-PS4-5. Communicate technical information about how some technological devices use the principles of wave behavior and wave interactions with matter to transmit and capture information and energy.
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.


	Washington English Language Arts Standards (Common Core State Standards):

	9-10SL1: Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 9–10 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively.
9-10SL2: Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each source.
9-10SL 4: Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task.
9-10RST4: Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9–10 texts and topics.
9-10WHST6: Use technology, including the Internet, to produce, publish, and update individual or shared writing products, taking advantage of technology’s capacity to link to other information and to display information flexibly and dynamically.

Washington Math Standards (Common Core State Standards):



N-Q3: Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
N-Q2: Define appropriate quantities for the purpose of descriptive modeling.
A-CED1: Create equations and inequalities in one variable and use them to solve problems. 
S-IC2: Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation. 

Washington Computer Science Standards:

3A-A-2-1: Design and develop a software artifact working in a team.
3A-A-5-4: Design, develop, and implement a computing artifact that responds to an event (e.g., robot that responds to a sensor, mobile app that responds to a text message, sprite that responds to a broadcast).
3A-A-5-6: Integrate grade-level appropriate mathematical techniques, concepts, and processes in these, concepts, and processes in the creation of computing artifacts.
3A-A-6-12: Use a systematic approach and debugging tools to independently debug a program (e.g., setting breakpoints, inspecting variables with a debugger).
3A-C-4-15: Demonstrate the role and interaction of a computer embedded within a physical system, such as a consumer electronic, biological system, or vehicle, by creating a diagram, model, simulation, or prototype.
3A-C-5-14: Create, extend, or modify existing programs to add new features and behaviors using different forms of inputs and outputs (e.g., inputs such as sensors, mouse clicks, data sets; outputs such as text, graphics, sounds).
3B-A-7-3: Modify an existing program to add additional functionality and discuss intended and unintended implications (e.g., breaking other functionality).





	Unit 7: Decisions, Decisions (using switches, multitasking and hierarchy)
	Total Learning Hours for Unit: 20 hours 

	Unit Summary: 
This unit will explore robots that make decisions based on sensory input using hierarchical code and multitasking, and then use the Engineering Process to design a robot for complex autonomous behavior

	
Performance Assessments: 
Performance assessments on the following topics may be developed at the local level. In order to earn approval at the state level, performance assessments must be submitted within this framework. (e.g. Sumo-bots from STEM Robotics 101 Unit 7, Lesson 8)

It is expected that students will:
1. manipulate the behavior of a robot through decision making based on sensory input
2. program a robot to make real-time decisions through switches embedded within loops
3. use software planning tools and incremental design to breakdown a large programming task into manageable pre-designed sub-tasks
4. program robots to perform simultaneous tasks through multitasking
5. use the Engineering Process to design/build/program a robot for complex autonomous behavior


	Leadership Alignment:
>> Design, build and program a robot for complex autonomous behavior
1.A Think Creatively (1,2,3)
1.B Work Creatively with Others (1,2,3,4)
1.C Implement Innovations (1)
2.A Reason Effectively (1)
2.B Use Systems Thinking (1)
2.C Make Judgments and Decisions (1,2,3,4,5)
2.D Solve Problems (1,2)
3.A Communicate Clearly (1,2,3)
3.B Collaborate with Others (1,2,3)
4.A Access and Evaluate Information (1,2)
4.B Use and Manage Information (1)
6.A Apply Technology Effectively (1,2,3)
7.A Adapt to Change (1,2)
7.B Be Flexible (1,2,3)	
8.A Manage Goals and Time (1,2,3)
8.B Work Independently (1)
8.C Be Self-directed Learners (1,4)
9.A Interact Effectively with Others (1,2)
9.B Work Effectively in Diverse Teams (1,2,3)
10.B Produce Results (1a-1h)
11.B Be Responsible to Others (1)

	Industry Standards and Competencies

	This section should include appropriate industry standards and competencies aligned to the course, as is a required section: 

Designing and building robots to use nested conditional code, hierarchy and multitasking
Competencies:
· Explain each parameter of the Switch Block 
· Program a robot to make decisions based on sensory input 
· Explain how a fast switch block nested inside a loop improves real-time behavior
· Build and program a robot to continuously detect objects
· Build and program a robot to follow a line
· Write a program the runs two or more tasks simultaneously
· Explain the purpose and process for creating and using My Blocks
· Write a hierarchical program using My Blocks
· Create a flow chart to design a hierarchical program
· Design, build and program a robot for complex autonomous behavior

	Aligned Washington State Standards

	Washington Science Standards (Next Generation Science Standards):

	Science and Engineering Practice
	Disciplinary Core Idea
	Crosscutting Concept

	Use Mathematics and Computational Thinking
	PS2A: Forces and Motion
	Structure and Function

	Obtain, Evaluate, and Communicate Information 
	PS3C: Relationship Between Energy and Forces
	Scale, proportion and quantity

	Develop and Use Models
	PS4A: Wave Properties
	Systems and system models

	Ask questions and define problems
	ETS1A: Defining and Delimiting and Engineering Problem
	In Energy and Matter

	Plan and carry out investigations
	ETS1B: Developing Possible Solutions
	Cause and Effect

	Construct explanations and design solutions
	ETS1C: Optimizing the Design Solution
	Interdependence of science, engineering and technology

	
	
	Stability and change



HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields to illustrate the forces between objects and the changes in energy of the objects due to the interaction
HS-PS4-5. Communicate technical information about how some technological devices use the principles of wave behavior and wave interactions with matter to transmit and capture information and energy.
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.


	Washington English Language Arts Standards (Common Core State Standards):

	9-10SL1: Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 9–10 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively.
9-10SL2: Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each source.
9-10SL 4: Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task.
9-10RST4: Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9–10 texts and topics.
9-10WHST6: Use technology, including the Internet, to produce, publish, and update individual or shared writing products, taking advantage of technology’s capacity to link to other information and to display information flexibly and dynamically.

Washington Math Standards (Common Core State Standards):



N-Q3: Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
N-Q2: Define appropriate quantities for the purpose of descriptive modeling.
A-CED1: Create equations and inequalities in one variable and use them to solve problems. 
S-IC2: Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation. 

Washington Computer Science Standards:

3A-A-2-1: Design and develop a software artifact working in a team.
3A-A-4-7: Understand the notion of hierarchy and abstraction in high-level languages, translation, instruction sets, and logic circuits.
3A-A-4-8: Deconstruct a complex problem into simpler parts using predefined constructs (e.g., functions and parameters and/or classes).
3A-A-5-4: Design, develop, and implement a computing artifact that responds to an event (e.g., robot that responds to a sensor, mobile app that responds to a text message, sprite that responds to a broadcast).
3A-A-5-6: Integrate grade-level appropriate mathematical techniques, concepts, and processes in these, concepts, and processes in the creation of computing artifacts.
3A-A-6-12: Use a systematic approach and debugging tools to independently debug a program (e.g., setting breakpoints, inspecting variables with a debugger).
3A-C-4-15: Demonstrate the role and interaction of a computer embedded within a physical system, such as a consumer electronic, biological system, or vehicle, by creating a diagram, model, simulation, or prototype.
3A-C-5-14: Create, extend, or modify existing programs to add new features and behaviors using different forms of inputs and outputs (e.g., inputs such as sensors, mouse clicks, data sets; outputs such as text, graphics, sounds).
3B-A-3-20: Develop and use a series of test cases to verify that a program performs according to its design specifications.
3B-A-5-7: Decompose a problem by creating new data types, functions, or classes.
3B-A-7-3: Modify an existing program to add additional functionality and discuss intended and unintended implications (e.g., breaking other functionality).





	Unit 8: Wired for Data (using real-time parameters, variables, math blocks, Boolean logic and Newtonian Physics)
	Total Learning Hours for Unit: 20 hours 

	Unit Summary: 
This unit will explore manipulating sensor data in real-time and using Boolean logic to control robot behavior and then use these skills to demonstrate Newtonian Physics and design semi-autonomous interactive robots

	
Performance Assessments: 
Performance assessments on the following topics may be developed at the local level. In order to earn approval at the state level, performance assessments must be submitted within this framework. (e.g. Accident Challenge from STEM Robotics 101 Unit 8, Lesson 4; Line Racer Unit 8, Lesson 5)

It is expected that students will:
1. manipulate the behavior of a robot through decision making based on sensory input
2. program a robot to make real-time decisions through switches embedded within loops
3. use software planning tools and incremental design to breakdown a large programming task into manageable pre-designed sub-tasks
4. program robots to perform simultaneous tasks through multitasking
5. model automobile collisions to gather and analyze evidence to support traffic recommendations 
6. use the Engineering Process to design/build/program a robot for more complex autonomous behavior and semi-autonomous interactive robots

	Leadership Alignment:
>> Design, build and program a robot with complex autonomous and semi-autonomous/interactive behavior
1.A Think Creatively (1,2,3)
1.B Work Creatively with Others (1,2,3,4)
1.C Implement Innovations (1)
2.A Reason Effectively (1)
2.B Use Systems Thinking (1)
2.C Make Judgments and Decisions (1,2,3,4,5)
2.D Solve Problems (1,2)
3.A Communicate Clearly (1,2,3)
3.B Collaborate with Others (1,2,3)
4.A Access and Evaluate Information (1,2)
4.B Use and Manage Information (1)
6.A Apply Technology Effectively (1,2,3)
7.A Adapt to Change (1,2)
7.B Be Flexible (1,2,3)	
8.A Manage Goals and Time (1,2,3)
8.B Work Independently (1)
8.C Be Self-directed Learners (1,4)
9.A Interact Effectively with Others (1,2)
9.B Work Effectively in Diverse Teams (1,2,3)
10.B Produce Results (1a-1h)
11.B Be Responsible to Others (1)

	Industry Standards and Competencies

	This section should include appropriate industry standards and competencies aligned to the course, as is a required section: 

Real-time data manipulation, Boolean logic and semi-autonomous behavior

Competencies:
· Describe the purpose of a Data Wires in EV3-G
· Program a robot to move with a parameter passed by a Data Wire
· Program a robot to display information passed by a Data Wire on the robot screen
· Describe the purpose of a Variable Block in EV3-G
· Explain the parameters on the Variable Block
· Program a robot to write and read variables
· Describe the purpose of a Math Block in EV3-G
· Explain the parameters on the Math Block
· Program a robot to respond to algebraic combinations of variables using Math Blocks
· Describe the Boolean logic data type and operators in EV3-G
· Explain the Boolean logic data plugs in various EV3-G blocks
· Model automobile collisions and gather/analyze data to support conclusions
· Design, build and program a robot capable of semi-autonomous remote control

	Aligned Washington State Standards

	Washington Science Standards (Next Generation Science Standards):

	Science and Engineering Practice
	Disciplinary Core Idea
	Crosscutting Concept

	Use Mathematics and Computational Thinking
	PS2A: Forces and Motion
	Structure and Function

	Obtain, Evaluate, and Communicate Information 
	PS3B: Conservation of Energy and Energy Transfer
	Scale, proportion and quantity

	Develop and Use Models
	PS3C: Relationship Between Energy and Forces
	Systems and system models

	Ask questions and define problems
	PS4A: Wave Properties
	Energy and Matter

	Plan and carry out investigations
	ETS1A: Defining and Delimiting and Engineering Problem
	Cause and Effect

	Construct explanations and design solutions
	ETS1B: Developing Possible Solutions
	Interdependence of science, engineering and technology

	Engage in Argument from Evidence
	ETS1C: Optimizing the Design Solution
	Influence of Engineering, Technology, and Science on Society and the Natural World

	Analyze and Interpret Data
	
	Stability and change



HS-PS2-1. Analyze data to support the claim that Newton's second law of motion describes the mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration.
HS-PS2-3. Apply scientific and engineering ideas to design, evaluate, and refine a device that minimizes the force on a macroscopic object during a collision.
HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
HS-PS3-5. Develop and use a model of two objects interacting through electric or magnetic fields to illustrate the forces between objects and the changes in energy of the objects due to the interaction
HS-PS4-5. Communicate technical information about how some technological devices use the principles of wave behavior and wave interactions with matter to transmit and capture information and energy.
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.
HS-ETS1-4. Use a computer simulation to model the impact of proposed solutions to a complex real-world problem with numerous criteria and constraints on interactions within and between systems relevant to the problem.


	Washington English Language Arts Standards (Common Core State Standards):

	9-10SL1: Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 9–10 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively.
9-10SL2: Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each source.
9-10SL 4: Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task.
9-10RST4: Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9–10 texts and topics.
9-10WHST6: Use technology, including the Internet, to produce, publish, and update individual or shared writing products, taking advantage of technology’s capacity to link to other information and to display information flexibly and dynamically.

Washington Math Standards (Common Core State Standards):



N-Q3: Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
N-Q2: Define appropriate quantities for the purpose of descriptive modeling.
A-CED1: Create equations and inequalities in one variable and use them to solve problems. 
S-IC2: Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation. 

Washington Computer Science Standards:

3A-A-2-1: Design and develop a software artifact working in a team.
3A-A-4-7: Understand the notion of hierarchy and abstraction in high-level languages, translation, instruction sets, and logic circuits.
3A-A-4-8: Deconstruct a complex problem into simpler parts using predefined constructs (e.g., functions and parameters and/or classes).
3A-A-5-4: Design, develop, and implement a computing artifact that responds to an event (e.g., robot that responds to a sensor, mobile app that responds to a text message, sprite that responds to a broadcast).
3A-A-5-6: Integrate grade-level appropriate mathematical techniques, concepts, and processes in these, concepts, and processes in the creation of computing artifacts.
3A-A-6-12: Use a systematic approach and debugging tools to independently debug a program (e.g., setting breakpoints, inspecting variables with a debugger).
3A-C-4-15: Demonstrate the role and interaction of a computer embedded within a physical system, such as a consumer electronic, biological system, or vehicle, by creating a diagram, model, simulation, or prototype.
3A-C-5-14: Create, extend, or modify existing programs to add new features and behaviors using different forms of inputs and outputs (e.g., inputs such as sensors, mouse clicks, data sets; outputs such as text, graphics, sounds).
3B-A-3-20: Develop and use a series of test cases to verify that a program performs according to its design specifications.
3B-A-5-7: Decompose a problem by creating new data types, functions, or classes.
3B-A-7-3: Modify an existing program to add additional functionality and discuss intended and unintended implications (e.g., breaking other functionality).





	Unit 9: Advanced Sensor Use (using data logging/analysis, advanced sensors and Bluetooth communication)
	Total Learning Hours for Unit: 45 hours 

	Unit Summary: 
This unit will explore using robotics for advanced scientific modelling, data gathering and analysis using both LEGO and third-party sensors/analysis tools

	
Performance Assessments: 
Performance assessments on the following topics may be developed at the local level. In order to earn approval at the state level, performance assessments must be submitted within this framework. (e.g. Autonomous Data Logging Velocity Lab from STEM Robotics 101 Unit 10, Lesson 3)

It is expected that students will:
1. design, build and program a robot using advanced sensors (LEGO, Vernier, Hi-Technics, etc.)
2. perform scientific data logging and analysis of EV3 sensor readings (tethered, remote and embedded/autonomous)
3. design experiments and data-gathering robots to perform data logging/analysis of LEGO/third-party sensors for Physical, Life and/or Earth Sciences
4. design/build/program a robot to model and data log a demonstration of Newtonian Physics
5. design, build and program a remote control robot through Bluetooth communication 
6. use the Engineering Process to design/build/program an autonomous data logging robot to model a real-world data gathering challenge

	Leadership Alignment:
>> Design, build and program an autonomous data logging robot to model a real-world data gathering challenge
1.A Think Creatively (1,2,3)
1.B Work Creatively with Others (1,2,3,4)
1.C Implement Innovations (1)
2.A Reason Effectively (1)
2.B Use Systems Thinking (1)
2.C Make Judgments and Decisions (1,2,3,4,5)
2.D Solve Problems (1,2)
3.A Communicate Clearly (1,2,3)
3.B Collaborate with Others (1,2,3)
4.A Access and Evaluate Information (1,2)
4.B Use and Manage Information (1)
5.A Analyze Media (1,2,3)
5.B Create Media Products (1,2)
6.A Apply Technology Effectively (1,2,3)
7.A Adapt to Change (1,2)
7.B Be Flexible (1,2,3)	
8.A Manage Goals and Time (1,2,3)
8.B Work Independently (1)
8.C Be Self-directed Learners (1,4)
9.A Interact Effectively with Others (1,2)
9.B Work Effectively in Diverse Teams (1,2,3)
10.A Manage Projects (1,2)
10.B Produce Results (1a-1h)
11.A Guide and Lead Others (1,4)
11.B Be Responsible to Others (1)



	Industry Standards and Competencies

	This section should include appropriate industry standards and competencies aligned to the course, as is a required section: 

Data logging and analysis, third party sensor support, Bluetooth Communication

Competencies:
· Program the EV3 for advanced sensor control
· Program the EV3 for inter-brick communication via Bluetooth
· Describe the role of data logging in the Scientific Method
· Program the EV3 to perform real time data tethered logging with LEGO sensors
· Program the EV3 to perform remote and autonomous datalogging with EV3 sensors 
· Program the EV3 to perform data logging with advanced sensors 
· Analyze logged data with EV3-G analysis tools 
· Upload logged data to third-party analysis tools
· Design, build and program a robot to model and data log a demonstration of Newtonian Physics
· Model a real-world data gathering challenge and design/build/program an autonomous data logging robot to meet the challenge

	Aligned Washington State Standards

	Washington Science Standards (Next Generation Science Standards):

	Science and Engineering Practice
	Disciplinary Core Idea
	Crosscutting Concept

	Use Mathematics and Computational Thinking
	PS2A: Forces and Motion
	Structure and Function

	Obtain, Evaluate, and Communicate Information 
	ETS1A: Defining and Delimiting and Engineering Problem
	Scale, proportion and quantity

	Develop and Use Models
	ETS1B: Developing Possible Solutions
	Systems and system models

	Ask questions and define problems
	ETS1C: Optimizing the Design Solution
	In Energy and Matter

	Plan and carry out investigations
	PSxx; LSxx; ESSxx
	Cause and Effect

	Construct explanations and design solutions
	Note: other DCI’s may be addressed depending upon which Physical/Life/Earth Science topics are explored by the available sensors/probes
	Interdependence of science, engineering and technology

	Engage in Argument from Evidence
	
	Stability and change

	Analyze and Interpret Data
	
	



HS-PS2-1. Analyze data to support the claim that Newton's second law of motion describes the mathematical relationship among the net force on a macroscopic object, its mass, and its acceleration.
HS-PS3-3. Design, build, and refine a device that works within given constraints to convert one form of energy into another form of energy.
HS-PS4-5. Communicate technical information about how some technological devices use the principles of wave behavior and wave interactions with matter to transmit and capture information and energy.
HS-ETS1-2. Design a solution to a complex real-world problem by breaking it down into smaller, more manageable problems that can be solved through engineering.
HS-ETS1-3. Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.
HS-ETS1-4. Use a computer simulation to model the impact of proposed solutions to a complex real-world problem with numerous criteria and constraints on interactions within and between systems relevant to the problem.
[bookmark: _GoBack]
HS-XXX-X. Note: other PE’s may be addressed depending upon which Physical/Life/Earth Science topics are explored by the available sensors/probes.


	Washington English Language Arts Standards (Common Core State Standards):

	9-10SL1: Initiate and participate effectively in a range of collaborative discussions (one-on-one, in groups, and teacher-led) with diverse partners on grades 9–10 topics, texts, and issues, building on others’ ideas and expressing their own clearly and persuasively.
9-10SL2: Integrate multiple sources of information presented in diverse media or formats (e.g., visually, quantitatively, orally) evaluating the credibility and accuracy of each source.
9-10SL 4: Present information, findings, and supporting evidence clearly, concisely, and logically such that listeners can follow the line of reasoning and the organization, development, substance, and style are appropriate to purpose, audience, and task.
9-10SL5: Make strategic use of digital media (e.g., textual, graphical, audio, visual, and interactive elements) in presentations to enhance understanding of findings, reasoning, and evidence and to add interest.
9-10RST4: Determine the meaning of symbols, key terms, and other domain-specific words and phrases as they are used in a specific scientific or technical context relevant to grades 9–10 texts and topics.
9-10RST10: By the end of grade 10, read and comprehend science/technical texts in the grades 9–10 text complexity band independently and proficiently.
9-10WHST6: Use technology, including the Internet, to produce, publish, and update individual or shared writing products, taking advantage of technology’s capacity to link to other information and to display information flexibly and dynamically.

Washington Math Standards (Common Core State Standards):



N-Q3: Choose a level of accuracy appropriate to limitations on measurement when reporting quantities.
N-Q2: Define appropriate quantities for the purpose of descriptive modeling.
A-CED1: Create equations and inequalities in one variable and use them to solve problems. 
F-IF5: Relate the domain of a function to its graph and, where applicable, to the quantitative relationship it describes. 
F-IF6: Calculate and interpret the average rate of change of a function (presented symbolically or as a table) over a specified interval. Estimate the rate of change from a graph.
F-LE1: Distinguish between situations that can be modeled with linear functions and with exponential functions.
F-LE5: Interpret the parameters in a linear or exponential function in terms of a context.
S-ID7: Interpret the slope (rate of change) and the intercept (constant term) of a linear model in the context of the data.
S-IC2: Decide if a specified model is consistent with results from a given data-generating process, e.g., using simulation. 

Washington Computer Science Standards:

3A-A-2-1: Design and develop a software artifact working in a team.
3A-A-4-7: Understand the notion of hierarchy and abstraction in high-level languages, translation, instruction sets, and logic circuits.
3A-A-4-8: Deconstruct a complex problem into simpler parts using predefined constructs (e.g., functions and parameters and/or classes).
3A-A-5-4: Design, develop, and implement a computing artifact that responds to an event (e.g., robot that responds to a sensor, mobile app that responds to a text message, sprite that responds to a broadcast).
3A-A-5-6: Integrate grade-level appropriate mathematical techniques, concepts, and processes in these, concepts, and processes in the creation of computing artifacts.
3A-A-6-12: Use a systematic approach and debugging tools to independently debug a program (e.g., setting breakpoints, inspecting variables with a debugger).
3A-C-4-15: Demonstrate the role and interaction of a computer embedded within a physical system, such as a consumer electronic, biological system, or vehicle, by creating a diagram, model, simulation, or prototype.
3A-C-5-14: Create, extend, or modify existing programs to add new features and behaviors using different forms of inputs and outputs (e.g., inputs such as sensors, mouse clicks, data sets; outputs such as text, graphics, sounds).
3B-A-3-20: Develop and use a series of test cases to verify that a program performs according to its design specifications.
3B-A-5-7: Decompose a problem by creating new data types, functions, or classes.
3B-A-7-3: Modify an existing program to add additional functionality and discuss intended and unintended implications (e.g., breaking other functionality).




	21st Century Skills

	Check those that students will demonstrate in this course:

	LEARNING & INNOVATION
Creativity and Innovation
|X|Think Creatively
|X|Work Creatively with Others
|X|Implement Innovations
Critical Thinking and Problem Solving
|X|Reason Effectively
|X|Use Systems Thinking
|X|Make Judgments and   Decisions
|X|Solve Problems
Communication and Collaboration
|X|Communicate Clearly
|X|Collaborate with Others
	INFORMATION, MEDIA & TECHNOLOGY SKILLS
Information Literacy
|X|Access and /evaluate Information
|X|Use and Manage Information
Media Literacy
|X|Analyze Media
|X|Create Media Products
Information, Communications and Technology 
(ICT Literacy)
|X|Apply Technology Effectively

	LIFE & CAREER SKILLS
Flexibility and Adaptability
|X|Adapt to Change
|X|Be Flexible
Initiative and Self-Direction
|X|Manage Goals and Time
|X|Work Independently
|X|Be Self-Directed Learners
Social and Cross-Cultural
|X|Interact Effectively with Others
|X|Work Effectively in Diverse Teams
Productivity and Accountability
|X|Manage Projects
|X|Produce Results
Leadership and Responsibility
|X|Guide and Lead Others
|X|Be Responsible to Others
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